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PRELIMINARY ORBITAL EXBKE3TS OF THE !lXIRD SOVIET 
ARTIFICIAL EARTH SATELLITE (19%J2) 

The table presented below gives a summary of the elements of the 
orbi t  of the third Soviet a r t i f i c i a l  earth sa t e l l i t e  (1958 S2) received 
a t  the Ins t i tu te  of Theoretical Astronomy, Academy of Sciences USSR as 
a result of the processing of visual and preliminary photographic ob- 
servations-made at  Soviet and foreign observation stations. 
cription of the procedure used i n  processing the observations and cal- 
culating the orbi ta l  elements can be found i n  the a r t i c l e  by Yu, V. 
Batrakov c 1J. 

A brief  des- 

The following notation has been adopted for these elements: - r ight  ascension of point of observation, 
i - inclination of orbi t  t o  the equator, 
~ 3 -  distance of perigee from point of' observation 

9- angle of eccentricity conrmted with the eccentricity 
(argument of perigee) , 
e i n  the fonrmla e = s in  Y 9  

M = la, + fi(t - to) + n * ( t  - %)2. 
When calculating the semimajor axis9 it is necessary t o  bear i n  

mind tha t  the average motion n' includes the coefficient of the secular 
perturbation of the mean anomaly, caused by the oblatemss of the earth 
& I  and for accurate calculation of the semimajor axis by Keplerts th i rd  
l a w  it is necessary first t o  subtract from 5. This coefficient is 
calculated by the formula f 2Jt 

- i s  the mean anomaly a t  the instant to, 
5, n? - coefficients a d  expressions for  the mean anomalg 

where a@ is the aemimajor a x i s  of the t e r r e s t r i a l  ell ipsoid,  3 is  the 
small dimensionless value of t h e  order of the oblateness o f t h e  earth9 
n * 5 - %' is  the average daily movement cannected with the semimajor 
axis i n  accordance with Kepler*s th i rd  l a w  
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however, tha t  en calculatin 1 it is  not necessary 

ch occurs i n  t h i s  case is of the second order of smallness compared 
t o  take the difference between Z and n in to  c deration since the error  

'U&ervations were processed and orbi ta l  elements were calculated i n  
accordance with the follovdng values of the basic constants8 

y = 0.001625, 
a' = 6378.15 km, 
fm = 398590 krd/sec2. 

TABLE 

Preliminary Elements of the Orbit of the Third 
Soviet Artificial. Earth Sa te l l i t e  (1958 4,)  

- 
F n n' 

UJ cp 'Bo I 

97 
JL NO to U.T. 

1 1958 October 26.0 310.82' 65.20' 358.5' 5.71° 40.59' 509.33O 0.5680 4 
2 November 10.0 270.780 65.06O 353.9' 5.55' 67.79O 5026.33O 0.535' 

5 December 7.0 198.15O 65.18O 342.4.0 5.31° 91i.54. 5056.85' 0.577O 

3 21.0 2w.46' 65o07' 349.2' 5.58' 339.66' 5037.64' O * W '  
b 29.0 23.9.4-60 65.31' 345.80 5.99O 357*18@ 5047.20' 0.615' 

6 15.0 1764.7O 65.13' 338.90 5.26' 264e76' 5065e70' 0.542' 
7 25.0 149.14' 65elJ.O 335.4' 5.21' 212.86' 5075.73' 0.465' 
8 1959 Jan~ary 1.0 130033' 65.27O 332.6' 5.18' 125.19' 5082,280 0&7W 
9 9.0 107e780 65.27' 327.5' 4.80' 135.780 5089o73' 0.4780 

10 24.0 660- 65e33' 323.7' 4.76' 268.07' 5104.40' 0.5080 
11 30.0 49.95' 65.33' 321.1' 4.76' 312.81' 5110.74° 0,553' 

13 15.0 5.67', 65.22' 315.00 4.94' 148.24" 5128.99' 0*5"7' u 23.0 343.14.' 65,190 3XI.080 4.80' 176.147' 51370900 0.523' 
15 March 3.0 320.55' 65.19' 30804O 4.72' 272.390 5USe13' Oe509O 
16 10.0 300.87' 65.06' 305.4' 40%" 319eWtO 5152.94' 0.4e 

18 26.0 255.27' 65.05' 298.5' 5.10' 86.51' 5167.92' 00495~ 
19 April 8.0 218,320 65.05' 293.9' 5.02' 34.92' 5180.71r Oe4.50' 
20 25.0 198.29' 65.05' 29loO' 5.02' 323eW 5187.331 Oe474.O 

12 February 7.0 27.84O 65.15O 318.6O 4.S0 193.1+7 5119.76O 0.573' 

17 22.0 2 6 6 , 9 7 O  650050 300.3' 5.10° 302.W 5164.02" 0.4.70° 

21 18.0 189.,S4* 65.120 289.7" 4.36' 50.W 5190.199 0.1+76° 
22 28.0 161.21° 65.13O 285040 4.32' 1600970 5200.Mlb 0,494' 

25 21.0 94.57 65.15' 277.5' 4.37'' 131.290 5221.66 0.4290 
26 29.0 71.l.Oo 65.31O 274.00 4.26' 171.,T0 5228,OOO 0.361' 

23 9.0 129.61' 65.2'7O 279.3' 4.39' 180.34' 5 2 l O J + T  Oe484O 
24 15eO l l2eoqO 65.11;' 28007' '4.26' 136.147° 5216.3 O.I+64' 

27 1959 June 4.0 53.43' 65.43' 271.3' 4.23.O 232.28" 5232.W 00351~ 
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29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

F 39 u 
42 
43 
4.4 
45 
46 
47 
48 
49 
50 
51 
52 
53 

4 7 4 1  

13.0 299.14° 65.05O 257.7O 3,980 14.W 5262.5Z0 0,4389 
20.0 278.47O 65r120 245.5O 3.70° 165,320 5268.91O O.&.&lo 
25.0 263e57O 

9.0 218,990 
17.0 195oOlO 

August 2.0 239,800 

27.0 165.W 
September 6.0 135,360 

8.0 129.280 
11.0 120,200 
23.0 83.16O 
29.0 &96O 

October 6.0 43.57O 
10.0 31.33O 
21.0 357.110° 
26.0 34J.095" 

November 8.0 3 0 1 . 2 1 O  
13.0 285.455 
18.0 269.93O 
25.0 248e30° 
29.0 235.10° 

7.0 209035O 
15.0 183.57O 

December 5.0 215.87° 

27 00 
541960 Jarmary 4.0 
55 12.0 
36 24.0 
57 February U.0 
5% 13 e 0  

59 23.0 
60 March 20.0 

144.780 

92eW0 
52 e 2 7 O  

351 e 62O 
344.680 
310 e 51° 
219.19O 

ll8,46O 

65.11O 
65 .lo0 
65.16O 
65.170 
65 . 22O 
64.89° 
64092O 
64.95O 
65.17O 
65.16O 
65015O 
65.380 
65.12O 
65.12O 
65.11O 
65.07O 
65.13O 
65 . 22* 

65.12O 

65.19O 

65.13O 

65 013' 

25005O 
246.6O 
243.20 
239 e4O 
235.2' 
230.9O 
230.w 
228.7O 
227.3' 
227 .OO 
224.20 
222 . 6" 
218.10 
216.1° 
207.10 
204.3O 
202.80 
206.0° 
198.3O 
195.3' 
194.80 
191 03' 

3.86O 
3.880 
3 
3*94O 
4.220 
4.47O 
4e20° 
4.13' 
3.54O 
3.420 
3.33* 
3.33" 
2.990 
2.890 
3.05" 
2.990 
2.83O 
2.37' 
2,770 
2.63O 
2.72O 
2,500 

65.Slo 185.6O 2.42O 
65.180 182.1° 2.27* 
65.10° 178.6O 2.04° 
65.29O 173.3O 2.00O 
65.11° 165J.O 1.780 
65.10° 164.3O 1.77O 
65.10° 158.1O 1.60O 
65.10° l45.9* 1.13O 

233 3 1 O  
328.39' 
232240 
74.000 
U3 .7Z0 
318,600 
151042O 
269 090' 
124.580 
122.890 
127.74.O 
316.980 
327049O 
232.320 
184.970 
240.480 
336.180 
177.580 
343.96O 
279.19O 
32065O 

2O5.lO0 
161.16O 
297,270 
214.1+90 
187.06O 
285 . 29O 
350.50O 
124.91° 

1.91' 

5273.56O 
5280024O 
5286.55O 
5294.01° 
5303 0880 
5315.530 
5317.82O 
5321 e 180 
5336*Oo0 
5334.23O 
5354.u0 
5360.l.50 
5376 0 83' 
5385 0 Uo 
54O6.86O 
54l5 . loo 
5423 964O 
5436013O 
5W13.4* 
545L91O 
5458e74O 
5474. 56' 
5498eZ0 
5515 e 81° 
5533 0840 
5561.990 
5609085O 
5615033O 
5643 36O 
5737,070 

o.&ioo 
0 04324 
0 ,452' 
0 e485O 
0 e 5 l 3 O  
0.- 
0.577O 
0 e 557O 
0.6780 
0.707O 
00735O 
0 07244 
0.816O 
0.833" 
0 . 8 1 9 O  
0.839O 
O.rsT720 
0.9080 
0.9290 
00959O 
0.963O 
0.994' 
1 oO53O 
1 O W 0  

1.147O 
1.236O 
1 0 3 6 5 O  
137p 
1.404' 
2.325' 

Observatfone were not oonverted from the  1950.0 epoch t o  the epoch 
of osculation since the errors caused by fa i l ing  t o  take the precession 
during this time into account would be of the same order as the errors of 
the observations employed. The coordinates of the observation station8 
were calculated relative t o  the true equator and the equinoxes of the epoch 
of osculation, Thus, taking the great parallax of the 1958 $J satel l i te  
into account the elements of orientation obtained JL i9 an 3 u) can be 
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regarded as 
instant of o 

cularly true of such elements as the inclination, the eccentricity, and 
the argument of the perige 
t o  a large degree on the m 
the observations. 
cessing the observations and the derivation of systems of elements were 
carried out as a r u l e  a t  intervals on the order of 10 - 20 days. 
majority of cases the error8 in 5 and n' do not exceed 2 0.10 and 
respectively. 

The preliminary elements which were obtained can serve as a good 
basia for  deriving more accurate elements by photographic observafAons . 

The folloming workers of the Inst i tute  participated i n  the  work of 
calculating the elements of the 195862 satellite on the BESM computer; 
A. S. Sochilina, Ne C. Kochina, Ye. N. Makarova, Ye. N, Lemekhova, 
Le A. Isakovich, R. P. Yeremenko. 

t h  the true equator and the equinox of the 

The accuracy of the elerments received i s  not high; t h i s  is parti- 

e the r e l i ab i l i t y  of observation depends 
de of the arc of t he  orb i t  included i n  

The elements I3 and n8 have higher accuracy since pro- 

In  t h e  
O.Ol@ 

mmNcEs 

1. Batrakov, PU. V. "Some Results Obtained from Processing Optical Ob- 
servations of b t i f i c i a l  Earth Sa te l l i t es  a t  the Ins t i tu te  of Theore- 
t i c a l  Astronomy, Academy of Sciences, USSR," B l le ten '  13  

Bulletin of t h e  Ins t i tu te  of Theoretical As-Vol UP, No 7 
601, 1960. 
Proskurin, V. F. And Batrakov, Yu. V. "Perturbations i n  the Movements 
of Ar t i f ic ia l  Sa te l l i t es  Caused by Oblateness of the Earth," Bmtll. 

2. 

- ITA, Vol UP, NO 7(90) 9 19600 

Inst i tute  of Theoretical Astronomy, 
Academy of Sciences, USSR 
Submitted t o  Editorial  Staff  
30 September 1960. 

Yu. V. Batrakov 
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NTS OF THE CARRIE8 ROCKET OF THE THIRD SOVIET 
EARTH SATEUITE (1958 $1) AND THE MAGNITUDE OF THE OEEATENESS OF THE EARTH 

(the 1958 g1 sa t e l l i t e )  went into orbit  on 15 May 1958 and was observed 
up t o  3 December 1958, when, as a resu l t  of gradual degeneration i n  the 
orbit  caused by air resistance, it entered denser layers of the atmosphere 
and ceased t o  exist. 
earth's terminator was such tha t  the rocket could be observed i n  the South- 
ern Hemisphere; a period of inv is ib i l i ty  existed i n  the Northern Hemis- 
phere began only i n  the second half of June 1958; from t h i s  time the 
rocket was observed i n  an intensive manner, both i n  0-ur country as w e l l  as 
i n  other countries of the Northern Hemisphere. The considerable bright- 
ness of the rocket permitted obtaining a f a i r l y l a r g e  number of accurate 
photographic observations along with visual observations. 
rocket car r ie r  of the th i rd  Soviet s a t e l l i t e  was a very convenient object 
for  deriving elements more accurate than those obtained from preliminary 
processing of visual obseruations. 

In  order t o  derive orb i ta l  observations of the 195861 sa t e l l i t e ,  
photographic observations made a t  17 Soviet stations were u ed: 
Abastumani, Alma-Ata, Ashkhabad, Baku,  Kazan(, Kiev, Krym ECrimeaJ, 
L'vov, Moscow Astronomical Council, Nikolayev, Odessa, 
Sverdlovsk, Stalinabad, Tashken, Uzhgorod, a lso some visual, photographic, 
and cine-theodolite observations made a t  foreign stations: 
(East Germany), Capetown, Johannesburg (South Africa) , Mitaka (Japan) 
and Roomera (Australia). 

oDticheskono nablwdenim iskusstvennskhqu tnikov - Zemli Bulletins of 
Stations for Optical Observations of i f i c i a l  Earth Satoll i tesJ 
published by the Astronomical Council 7 SovietJ of the  Academy of 
Sciences, USSR and the Ins t i tu te  of Theoretical Astronomy, Academy of 
Sciences, USSR, also i n  various foreign publicatims. The astronomical 
coordinates of the stations were taken from these publications and t i ed  
i n  with the Krasovskiy ellipsoid. 

The accuracy of the observatlons wMch were used varied. 
The observations of Soviet stations were published with an ac- 

The carrier rocket of the third Soviet a r t i f i c i a l  earth satellite 

The original location of the orb i t  relative t o  the 

Thus, the 

Pulkovo, Riga, 

Babelsberg 

These observations were published i n  the B eten stantsig 

curacy of 0.1' i n  declination and 1 second i n  right ascension, 0.001 
secibnd i n  the instant of observation. 
markers was apparently somewhat lower and reached 0.01 - 0.02 seconds. 
Cine-theodolite observations a t  the Australian Woomera Station gave 
positions of the satellite with an accuracy of approximately 20" i n  
azimuth and i n  altitude. 
Mitaka Station were published with an accuracy of 1 minute i n  both 
coordinates. 
the Johannesburg Station, the accuracy of which formally reached 1 
minute . 

The real accuracy of time 

Photographic observations from the Japanese 

In some cases, use was also made of vimal observations at  
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ate elements of the 19586 satellite ob- 
tained a t  the Ins t i tu te  of Theoretical Astronomy of 
S USSR as the resul t  of preliminary processing of visual  ob- 

an9 of 
P hic observations. The basic outljnes of the e far ob- 
taining preliminary elasoents was described previously 

essentially with the well-known Eckert-Srouwer method. 
i n  t h e  formulas was caused by the fact that we made use of a rotating 
system of rectangular coordinates with the O,-axis directed toward the 
point of osculation of the orbit. Somewhat simpler formulas are ob- 
tained i n  t h i s  way for calculating the coordinates of the sa te l l i t e .  
In this system the coordinates of the s a t e l l i t e  and the observer are 
calculated by the formula 

s were used as in i t i d .  elements for improvem 

The method we used f o r  improving t h e  o rb i ta l  elements coincided 
Some difference 

x = r cos u 
y r s i n  u cos i 
B = r s i n  u sin i 

X = R C 0 8  111 COS ( s - A ) ,  
Y = R cos YB s i n  (s-A), 
Z = R s i n  7' 

6 E X - X '  pcos ( & - A )  cos 6 ,  

f ; = z - Z =  P s i n 6 ,  (1) 
11 = y .. Y = p s i n  (o( -n) COS d , 

where x y  y, s, r are the geocentric coordinate6 and the radius-vector 
of the sa t e l l i t e ;  X, Y, Z. R are  the geocentric coordinates and the 
radius-vector of the observer; 4 , , 4; , and p are the topcentric 
coordinates and the radius vector of the sa te l l i t e .  Lp is the geocen- 
t r i c  la t i tude of the observer; s is the loca l  sidereal time of the obser- 
ver; i is the inclination of the orb i t  of the s a t e l l i t e  t o  the earth's 
equatorial plane; u is t h e  argument of the longitude. 

spherical coordinates and the  rectangular topocentric coordinates of the 
satellite have the form 

j c o s d d d  = - s i n  (.(-A) d $  + cos (a-4)  dl) +pcos6dG 

The different ia l  relationships between the corrections of the 

p d J P  - sin$cos (d -4) d \  - ~ i n J ~ i n  (d -A) d 7  + COS d $  (2) 

In turn,  the corrections of the topocentric coordinates are linked 
with the corrections of the elements by the  formulas 

d j  = - Yd4- Ald(%+w)-(z s i n  u + A1)dw + Bld r( + (Alt - 5 X)dn, 
d l  = XdR - 5di + A2d(Moh)+(?, COB i COS u - A,)dH2d'f +(A2t- f r)dn, 

(3) d$ -+A 3 d(Mo*)+(% sin i COS u -A3)dM,dcP+(A 3 3n P ) h ,  

F 
7 
4 
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9 "  7'1 ],I [cos u + sin 7 cos w 

1 [cos u + sin 7 cos w 

B~ = a COB i [cos u s in  E - cos y sin w 1 
L 7 B3 = a sin i cos u sin E - cos 'p sin W 

B~ = - a [sin u sin E + cos COS w 1 , 
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ng notation i s  used: 

a is  the semimajor a x i s  of the orb i t  of the sa te l l i t e ;  
i s  the eccentricity; 
i s  the argument of the perigee; 

Ais the longitude of the point; 

n is the average movement of the satellite connected with the semi- 

is the mean anomaly i n  the epoch to; 

is arcsin e, the  angle of eccentricity; 

major axis by Kepler'a third law.  

lRhen improving the orb i ta l  elements by these formulas, the per- 
turbations caused by the nonspherical shape of the earth were taken in to  
account i n  fonnulas [2J and i n  order t o  take in to  account the perturba- 
t ions caused by air resistance, the nonlinear term n1t2, whose na coeffi- 
c ient  waa not determined but taken from the results of preliminary pro- 
cessing of visual observations, was added t o  the  mean anomaly. 

The possibi l i ty  of isolating any of the six unknowns was provided 
fo r  i n  calculating the elements on the BESM machine. T h i s  procedure per- 
mitted the use of the same program for different combinations of observa- 
tions. The program contdned provisions for converting the  observed6 
and cfcoordinates from the 1950.0 epoch t o  the epoch of the middle of the 
interval  included by the observations involved i n  processing by intro- 
ducing t h e  corresponding corrections i n  precession and nutation. 
observations which had been reduced t o  the true equator an3 equinox were 
then used fo r  calculation of the elementr. In  cases i n  which the obser- 
vations were given by the azimuth end al t i tude of the  sa te l l i t es ,  these 
figures were first converted t o  a( and &associated with the true equator 
and equinax, then w e r e  processed. T h s ,  the elements obtained are  asso- 
ciated w i t h  the true equator and equinox of the middle of the interval  
included by the observations used i n  improving t h e  given system of ele- 
menta. The length of this interval varied nithin limits of 1 ., 2 days. 
Therefore, the errors caused by neglecting the movement of the point of 
the vernal equinox and the equator i n  this period can be considered 
negligibly small, 

In 
addition t o  giving t h e  elements, t h e  tab le  a lso  presents the mean errors 
i f  these elements were determined from observations by the leas t  squares 
method. If a @Ten element i s  not determined, but considered known on the 
basis of certain considerations, then the error of this element is not 
indicated. T h i s  table  gives values of the argument of the la t i tude cor- 
responding t o  the boundaries of the arc of the orbi t  on which the o b s e r  
vations involved i n  improvement are sftuated, 
varies from system t o  system; i n  t h i s  case, as a rule,  systems defined on 
the major arc of the  orbit ,  

The 

The elements which were obtained a r e  given i n  the table. 

The accuracy of the  elements 

We note that the table gives values of elements freed from the 

F 
7 
4 
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The elements of the 1958d1 satellite which were obtained are  
not final since we had the objective of obtaining a representation of 
the observations with accuracy on the order of only 1 8  - 31 after pro- 
cessing the data, i n  view of the varied nature of the  data obtained from 
observations. 
elements obtained by visual observations. 

is of a random nature, we employed the l ea s t  squares method t o  calculate 
the coefficients of polynomials which best sa t i s fy  the ent i re  set of 
elements. 
the rocket i n  the period from 3 July through 18 November 19% and have 
the form 

However, t h d r  accuracy is  higher than the accuracy of 

On the assumption tha t  the dispersion of the elements obtained 

These polynomials define the smoothed changes i n  elements of 

1 7 3 O  .421 0°.030 - (2O.6964 0°.0015) (t .. to) - - oo.ilt61.10-2 ( t  - to)2 - 00.467 , 1005 ( t  - t0)3, 

i 650.144 2 0°.002 - 00.125 0 log2 ( t  - to), (8 )  

9 = 50.450 2 00,039 - 00.0.1rn ( t  - to) - 0.1029.10-3 (t - %)2, 
w 300.34.6 * 0°.082 - 0°.3868 ( t  - to) - 0.168 

where t corresponds t o  the t i m e  1958, July, 31.0 U, T, 

t h e  leas t  squares method according t o  deviations of elements f r o m  the 
smoothed polynomial values, The ?l element was not smoothed since its 
instantaneous values given i n  the'table have negligible mean errors  and, 
mith certain exceptions, can be used without smoothing. 

The parameter ;Y i n  the gravitational f i e l d  of the ear th  was cal- 
cu la t ed .d th  smoothed elements. 
pression f o r  the coefficient of movement of the point under the influ- 
ence of the nonsphericity of the ear th  was taken i n  the form [23t  

( t  - 
ghe mean errors of some coefficients were usually computed by 

A t  the same time, the analytical  ex- 

F 
7 
4 

a 

where s a n d 9  are the parameters of the earthgs grqvitational f i e l d  intro- 
duced by Jeffr ies  and a' is the equatorial radius of the earth. 

In this formula i t  is  necessary t o  take the difference between the 
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r a, t h a t  is, the mean movement 
eplerls third l a w ,  

have the following values of the i n i t i a l  quantit ies 

We also take the following values fo r  the basic constants: 

f m  = 398,600 km3/sec2 
a' = 6378.15 km. 

then, se t t ing  y 0.001637, we shall have 

MA = - 1e51° 
n = fi - &j a 5045.69O 

a/a' = 1.13928. 

Upon substituting these data in to  (9),  we obtain the equation 

.. 2.6964O = 1662.P + 137.20' j 2  + 1 8 3 . 7 3 O .  

If we se t  1 = 0.001637 and D E 10.0 x log6 i n  the  second-order 
terms i n  t h i s  equation, we f ina l ly  obtain 

1 = (1.6249 f 0.ooOS) x 10-3, (13) 

where the mean error i s  evaluated by the errors of the elements which have 
been used, This value of the parameter corresponds t o  the following value 
of the inverse of the oblateness of the earth 

= 298.17 f 0.08. (14) 
When a is  decreased t o  7.6 x we obtain 

(1.6240 2 0.0009) x 10-3, lk = 298.25 f 0.08 

These values of the inverse of the oblateness of t h  earth are in 
good agreement with the values obtained by other authors p3, 4-/. 
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S OF THE WBIT OF THE C OGKET OF TEiE THIRD 
58 $1) 
IONS 

i c l e  by PU, V. B a t r a k ~  and A. S. Sochilina ( Ins t i tu te  of 
Theoretical Astronomy, Academy of Sciences USSR) with the t i t le  "klove- 
ments of the C a r r i e r  Rocket of the Third Soviet Earth Satellite (195881) 
and the Magnitude of the Oblateness of the Earth" was published i n  this 
issue of the Bulletin pJ Stations f o r  &tic&& Observation a Artificial 
Earth Qatellites. 
of the orb i t  of the 1958J-1 object are presented in the ar t ic le .  

authors were given a restr ic ted problem--that of obtaining a represen- 
ta t ion  of the observations with accuracy on the order of only 1' - 3' 
and did not regard t h e  elements they derived as f inal ,  
in terest ,  however, t o  compare these preliminary elements of the orbi t  of 
t h e  19586 object with the results obtained by other authors, 

We kave made such a compariscb of the elements derived by Yu, V. 
Batrakov and A. S. Sochilina with the elements obtained b D. King-Hele 
(Notices of the Royal Aircraft Establishment, 5 June 1959 3 e 

by I. D. Zhongolovich i n  the Bulletin of Stations _for &tica l  Ubservation - of Ar t i f ic ia l  Earth Sa te l l i t es ,  No.2 (12)'- 
The orbi ta l  elements published by Batrakov and Sochilina are mean 

elements associated with the middle of t h e  interval  of t i m e  included by 
the observations which were used. The King-Hele elements, however. were 
calculated for times that  the  satellite passed through the ascending node. 
Thus,  when comparing these two systems of elements defined i n  different  
ways, it i s  essential  t o  take the differences i n  the procedure f o r  t he i r  
derivation into account, particularly the method f o r  ccmputing periodic 
perturbations, 

Such comparisons are accompanied by very cumbersome computation8 
which require the use of high-speed computers. 

However, this s i tuat ion i s  alleviated by the f ac t  that  the &If- 
ference between elements caused by different determinations by different  
authors i s  of the first order of the first power of the oblateness of the 
earth, t h a t  is, small compared with the actual errors  i n  the elements. 
T h i s  difference can be neglected i n  a quali tative comparison of the elements. 

Four graphs (refer  to  Figures 1 and 2) were constructed f o r  com- 
parison of the orb i ta l  elements of the 19586 
Batrakov and Sochilina with the elements obtahed by King-Hele. Time i s  
plotted along the axis of abscissae. 
presentation, the quantit ies A&, A i ,  bw, and &y , which are the 
deviations of the corresponding elements from t h e i r  values eanputed by 
interpolation formulas derived by Batrakov and Sochilina i n  the above- 

The preliminary resu l t s  of the derivation of elements 

Due t o  the inhomogeneity of the material which was used, the 

It i s  not wfthaut 

(The King-Hele elements were given i n  the a r t i c l e  

object obtained by 

In order t o  promote c l a r i t y  of 
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cle ,  have been plotted on the axis of ordinate8 instead of 
the actual values of the elements. 
derived values of the right ascension of the point f ran the i r  calculated 
values i n  November 1958, the scale of the 4 s  of' ordinates mas decreased 
t o  one-fourth i n  the extreme rlght-most portion of t h e  graph of a h  e 

An analysis of the graphs provides evidence that  t h e  values of 
the orbi ta l  elements computed by Batrakov and Sochilina and those of the 
elements derived by King-IIele agree quite w e l l r  
a re  w e l l  represented by interpolation curves (on graphs which coincide 
with the axes of abscissas) COmpiited for  the elements obtained by 
Batrakov and Sochilina. 

When making this comparison it must be borne i n  mind tha t  the 
values of the inclinations and eccentricit ies were smoothed i n  King- 
Helegs determinations, but these elements w e r e  not smoothed by Batrakov 
and Socbilina. In  individual cases i n  which the observed data were not 
sufficient f o r  rigorous computations of a l l  elements or  when the arc of 
the orbi t  bracketed by the observations was too small, the values of some 
orb i ta l  elements i n  the work by Batrakov and Sochilina were accepted on 
the basis of various theoretical  considerations. 

Batrskova and Sochilina and those of the Xing-Hele elements a?e approxi- 
mately the same on the graphs of 4.n and 
derived by King-Hels were not smoothed). 

whose derivation involved the use of observations t h a t  bracketed too 
small an arc of the orbit ,  show large deviations from the interpolation 
curve. 
8 July (corresponding t o  arcs of 7* and 5 O )  ana with 24 October (an arc 
of 15O). ( I t  must be remembered t h a t  as the eccentricity i s  decreased, 
tha t  is, as the form of the orbi t  approaches that of a ci rcle ,  the argu- 
ment of the perigee w is determined less and l e s s  reliably,  so tha t  the  
d i s  ersion of points on the r igh t  side of the graph i s  greater than on rk An arc  of 80 includes observations which were employed t o  
derive the angle of eccentricity (p of 6 August; arcs of 8 O  and 50 
respectively, of observations which served as material for  deriving the 
r igh t  ascension of the point of 18 August and 30 September, e t  cetera. 

various theoretical  considerations, the values of some elements did not 
always turn out t o  be fortunate. 
argument of the perigeew associated w i t h  21 October and 3 November 
deviated considerably f r m  the interpolation curve; thls was t rue  of 
the values of the angle of eccentricity LP associated w i t h  2 and 18 
August and 21 October; a lso  the values of the inclination i associated 
with 18, 199 and 22 October, and a number of others. 

In the next stage of the work on improving t h e  orb i ta l  elements 
of the car r ie r  rocket of the th i rd  a r t i f i c i a l  earth sa t e l l i t e ,  it w i l l  

Due t o  the large devlations of the 

The King-Hele elements 

The dispersion of the points corresponding t o  the elements of 

A W  (the elements A and c3 

Some values of the elements derived by Batrakov and Sochilina, 

Such, fo r  example, a r e  the values of ~ w a s s o c i a t e d  with 3 and 

men we were processing observations accepted on the basis of 

Thus, for  example, the values o f t h e  

F 
7 
4 
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be possible t o  replace these values of the elements 
determined from the interpolated dependence which w a s  obtained. 
case the dispersion of points on the graphs w i l l  be decreased considerably, 

I am sincerely grateful t o  Yu, 'jl.,Batrakov and A, S. Sochilin 
who bindly placed essential  data a t  my disposal and who undertook t o  
examine the manuscrigt of this ar t ic le .  

t h  those values 
In t h i s  

Astronomical Soviet of the 
Academy of Sciences USSR 
Submitted t o  the Editorial  Staff  
22 September 1960, 

N. P. Yerpylev 



OF 
THE W I T A L  ELEMENTS OF THE THIRD SOVIGT SATEUITE 1958 62. 

A t  present orbi ta l  elements of the a r t i f i c i a l  earth s a t e l l i t e  as 
determined by optical  observations by the Smithsonian Ins t i tu te  (United 
States),  the Research Center of the Royal Air Force (England) , and also 
by the Ins t i tu te  of Theoretical Astronomy, Academy of\,Sciences USSR have 
been published. A comparison of the systems of elemen'ts obtained by 
these inst i tut ions f o r  the 1958 i s  presented i n  this', a r t ic le .  

The fo l lodng  data were udl izedt  
1, Mean elements freed from the influence of periodic per- 

turbations, 
Inst i tute  of Theoretical Astronomy, Academy of Sciences USSR (published 
i n  this number of the bulletin),  

passage through the node. Obtained by King-Hele (D. King-Hele, Royal 
Aircraft Establishment, U. September 1959, GW/1247/k T). May 1958 - 

Obtained by &, V. Batrakov and A, S. Sochilina a t  the 

October 1958 .. March 1960. 
2. Nonosculating elements associated with the time of 

b y  1959. 
3, Mean elements modified for  the Ephemeris Servlce, asso- 

ciated with the time of passage through the perigee. Computed and pub- 
l ished i n  special  card f i l e s  of the Smithsonian Astrophysical Observa- 
tory, 3 arg 1959 .. April 1960. 

(or  will  be published i n  the future) i n  the bul le t in  Results 
tu of Soviet Art i f ic ia l  Earth Satel l i tes .  
average &e accuracy of these observations is f : l d  i n  time and f lo 
i n  position, although it is higher for  some stations. 
elements were compared without taking into account the f ac t  tha t  the i r  
determination was different for  different authors, and as a resu l t  dis- 
crepancies are possible which are on the order of the first power of the 
oblateness of the earth, 
Inst i tute  of Theoretical Astronomy, this effect is  considerably less than 
the dispersion of elements caused by random errors8. 

Con@arieons were made fo r  the period P, the eccentricity e, the 
inclination i, the argument of fhe perigee wand the r igh t  ascension of 
the node fl, , The results of the comparison are presented i n  Figirree 
3 - 10. The time i s  plotted on the x-exes of the graphs and the actual 
values of the elements, also the values of bP, au, and a n  as determin- 
ed by the following formulas are plotted on the y-axes: 

z t h e  data from observation which were used have been published 
Observa- 

Sa te l l i t e  1958 d2. On the 

Therefore, the 

In the case of t h e  elements obtained by the 

P PO - 1 9 9 . 2 ~ 0  m --~,0222 m ( t  .. to)J 

d = R o  - c94.590 - 3.000 (t - to)J 

AW WO - [me%- OB/+' (t to)J 
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e Po, A. and uo are values of the elements a t  time t obtained from 
observations w h i l e  to is 21.0 May 1959, 

t o  select a large scale when constru 
making comparisons ni th  great accuracy, The l inear  terms, which are equal 
t o  0,0222 m f o r  the period and 3,000 f o r  the r igh t  ascension of the node,  
also O,4O f o r  the argument of the perigee were taken d i rec t ly  from curves 
(Figures 4 - 6, 9 - 10) as mean tangents of the  slopes of curves f, 4 , 

O ,  and 277.5* are  the respective values 
of P, , and r~ i n  the ITA 44.59 Inst i tute  of Theoretical AstronomyJ system 
and 4. The values 99.280 m, 

for 21.0 May 1959. 

formula P 

for  1958 - 1959 and f o r  1960, which a l so  made it possible t o  select  a 
somewhat la rger  scale. 

As  may be seen from the gra?hs, the greatest  dispersion is observed 
i n  the eccentricity and inclination given by the ITA data and i n  the argu- 
ment of the perigee by a l l  data. T h i s  i 

The inclination and the eccentricqty w e r e  not determined with suf- 
f ic ien t  accuracy, fo r  example, i n  cases i n  which the arc of the orb i t  
bracketed by t he  observations w a s  small ( refer  t o  the article publsshed 
i n  t h i s  issue of the bulletin);  this is quite frequently the case f o r  
s a t e l l i t e  observations. 
mination of these elements is affected by the fact tha t  when processing 
observations taken over a long interval of time it is not possible t o  
take in to  account short-term changes i n  the density of t h e  atmosphere 
connected with solar activity.  Moreover, it should be noted t h a t  the  
values of these elements as given i n  the data of King-Hele and t h e  
Smithsonian Ins t i tu te  were clearly smoothed while they were determined 
each time separately and not smoothed by the ITA, which expzains the i r  
wide dispersion. 

r e l i ab i l i t y  since the correction-for this element i n  t h e  conventional 
equatione contains a factor of s m a l l  magnitude--the eccentricity. 

Taking the foregoing in to  consideration, one may conclude that  
there is, i n  general, satisfactory agreement between the  ITA data and 
the data taken from t h e  above mentioned sources i n  sp i te  of the fact that 
the observations used f n  the ITA for  obtaining the preliminary elements 
were of comparatively low accuracy, 

Batrakov and A. S. Sochilins for advice and counsel received when pre- 
paring this a r t i c l e  f o r  publication. 

The values of AP, 6.n , and computed i n  order t o  be able 
graphs, which would permit 

The period for  ITA elements was computed by the approxlmate 

The graphs (except those for i and(3) were constructed separately 
2 n/i and the eccentricity by the f o d a  e ,S s in  9 e 

explained by several causes. 

It is also possible tha t  the accuracy of deter- 

The argument of the perigee i s  not determined with sufficient 

The axthor expresses his gratitude t o  the ITA workers, Yu, V. 

Astronomical Council, 
Academy of Sciences USSR 

N. P. Slovokhotova 
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